Background: The link between mental illness and mental health is gaining focus in research and practice. This study aimed to investigate the association of mental disorders with positive mental health (PMH), overall health and quality of life. In addition, the role of PMH in mediating the relationships between mental disorders and health outcomes was assessed. Methods: The study sample comprised 2270 residents aged 18 years and above who participated in a nationally representative, cross-sectional survey estimating the lifetime prevalence of mood, anxiety and alcohol use disorders, and health outcomes (self-reported overall health, quality of life and PMH) in Singapore. The Positive Mental Health Instrument was used to estimate the level of Total PMH among the respondents with and without mental disorders. Associations between mental disorders and health outcomes were assessed through regression models. Path analyses were conducted to investigate mediating role of PMH. Results: Total PMH (Mean ± SD) was significantly lower among individuals having any of the studied lifetime mental disorders (4.23 ± 0.64 versus 4.50 ± 0.67 among those without these disorders). Although having a mood or anxiety disorder was associated with significantly lower Total PMH even after controlling for socio-demographic characteristics, similar relationship was not observed for alcohol use disorders. History of any mental disorders was also associated with lower overall health and quality of life. Total PMH mediated the relationships between mental disorders and overall health and quality of life by reducing the effect sizes for the associations between mental disorders and these health outcomes. Conclusions: Mental disorders were associated with poor health outcomes in affected individuals. This study showed that PMH can mediate the relationships between mental disorders and health outcomes, and act as an underlying mechanism to improve overall health and quality of life in individuals with mental disorders. Findings thus highlight the significance of incorporating mental health promotion and interventions in clinical populations.
Background
Singapore is a Southeast Asian country with a multiethnic resident (Citizens and Permanent Residents) population of 3.96 million comprising 74.3% Chinese, 13 .4% Malay, 9% Indians and other ethnic groups (3.3%) [1] . Since 2007, there has been a concerted effort to assess the state of mental health of the population. Two large, national, cross-sectional, mental health surveys -Singapore Mental Health Study (SMHS) 2010 and 2016 -have provided important estimates on the prevalence and correlates of key mental disorders in Singapore; one in seven individuals in the population (13.9%) were found to have at least one mood, anxiety or alcohol use disorder in their lifetimes [2, 3] .
Mental disorders have a profound impact on the lives of those affected in terms of disability [4] , morbidity and mortality [5] , and quality of life [6] . Globally, the prevalence of mental disorders is also on the rise. The pooled lifetime prevalence of common mental disorders from 85 surveys conducted between 1980 and 2013 across 39 countries was found to be 29.2% [7] . Mental, neurological and substance use disorders and associated selfharm were recently shown to contribute to 19% of the total disability-adjusted life years based on ecological studies conducted in the Americas [8] . This is much higher than the previously reported global figure of 10.4% [4] , 11 .5% in Singapore [9] and 6.2% in Korea [10] . These trends indicate that despite the advancements in mental healthcare services and effectiveness of therapeutic interventions, prevention and management of mental disorders remains an uphill task. There is growing interest and evidence on the public health benefits of mental health improvement through mental health promotion.
Mental health is the capacity to realise one's potential, cope with life's stresses, work productively and contribute to the community [11] . This definition has its foundation in positive mental health (PMH), a construct first proposed by Jahoda [12] who described PMH as individuals' attitudes towards themselves and the environment and their ability to adapt to situations. Keyes's two continua model [13] of PMH proposes that mental illness and health are distinct yet correlated constructs that are linked by a continuum which are complementary to each other. By virtue of this belief, persons with mental disorders can at the same time experience positive emotions, form close relationships, have a purposeful life and function well, all of which relate to PMH. This state of 'flourishing' is deemed important to ensure higher functioning and better outcomes in individuals. The model has been used to assess the level of flourishing and complete mental health (defined as absence of mood, anxiety or substance use disorder) in a Canadian general population sample [14] . Research has also shown that the combined effect of mental distress and PMH can better predict psychosocial functioning than their independent effects [13] . Following research in the field of mental wellbeing over the past two decades, the literature linking mental disorders with components of mental well-being has increased. Higher levels of PMH are also found to be associated with positive outcomes such as lesser suicidal ideation [15] , symptom severity [16, 17] , and better remission [17] . This is clearly an indication that PMH can interact and transform the effect of mental disorders and related health outcomes.
However, research in this area is still limited, specifically in relation to alcohol use which has largely been investigated in adolescent populations. Furthermore, most of the previous research has also originated or focused on Western populations. It is believed that group norms and behaviours in relation to mental health and treatment are influenced by social constructs such as race, religion and language [18, 19] . Moreover, it is argued that mental well-being theories are influenced by an 'individualistic' notion of well-being that are more suited to Western societies [20] and believed to be more consistent in more assertive individuals with clear selfknowledge [21] . Therefore, there is a need for culturally specific and relevant investigation into mental well-being among Asian populations.
As part of the SMHS 2010 conducted in Singapore, a tool to measure PMH was developed using mixed methods [22, 23] . The development was guided by a narrative literature review, supplemented by focus group discussions among Singapore residents and validated through a series of psychometric analyses. The conceptual underpinnings for this development were grounded in theories of psychological (eudemonic) and subjective (hedonic) well-being where PMH was regarded as a multi-dimensional construct relating to a person's interpersonal skills, emotional support and coping strategies. It also encompassed their religious and spiritual awareness, goals, autonomy and affective state of mind. Studies in the area of PMH have since yielded information on its sociodemographic correlates in the Singapore's general population [24, 25] and in people with mental disorders [26] . The later study also found that PMH varied by gender in people with schizophrenia [27] and showed that PMH was positively associated with life satisfaction and general functioning, but negatively related to depressive symptom severity in mental health service users [16] .
The earlier studies were, however, conducted in nonrepresentative and comparatively smaller samples, and limited in the type of information available on mental disorders and health related outcomes such as quality of life. Moreover, examining the role of PMH in mediating the relationship between mental disorders and health outcomes heightens our understanding of how quality of life of people with mental disorders could be influenced positively. Using data from the SMHS 2016, this study aimed to estimate the level of PMH among those with and without lifetime mental disorders, and assess the relationships between mental disorders, health outcomes (self-rated overall health, quality of life) and PMH. Additionally, the study investigated the mediating role of PMH.
Methods
The SMHS 2016 was a national cross-sectional household survey conducted between August 2016 and April 2018. Ethical approval was obtained from the National Healthcare Group's Domain Specific Review Board prior to start of the study. Written informed consent was obtained from all respondents and from parents or legal guardians of those aged below 21 years. The study details have been published in a previous article [3] . Briefly, a person-level sample was derived randomly using disproportionate stratified sampling from a national database of all Singapore residents aged 18 years and over. A face-to-face household survey was conducted, and attrition data were obtained from all residents. Participants were Singapore Residents (Citizens and Permanent Residents) aged 18 years and over, residing in Singapore at the time of the survey and able to understand the survey in English, Chinese or Malay language. Residents who were institutionalized, uncontactable due to sampling frame errors or unable to be interviewed due to severe physical or mental health problems or language ineligibility were excluded from the survey.
A total of 6126 residents participated in the survey giving a response rate of 69.5%. Of these, 4916 respondents who were English literate were invited to complete the self-administered Positive Mental Health Instrument. They were provided with the questionnaire in a postage paid sealable envelope and asked to mail the completed questionnaire back to the study team. This process allowed privacy, adequate time and minimised social desirability bias for the respondents. A total of 2337 respondents returned the completed questionnaires; of these, 67 questionnaires were excluded due to pattern answers or missing data. Data from the remaining 2270 respondents were used in this analysis, yielding an overall response rate of 30%.
Sociodemographic information
All respondents completed a sociodemographic questionnaire that obtained information on their age, gender, ethnicity, marital status, education, employment and monthly household income.
Health measures and outcomes Positive mental health
A self-administered 47-item Positive Mental Health Instrument (PMHI) was used to assess PMH. It covers six dimensions: general coping, emotional support, spirituality, interpersonal skills, personal growth and autonomy, and global affect which was developed and validated after extensive qualitative and quantitative investigations among the multi-ethnic adult population in Singapore [22, 23] . For the first five subscales, respondents are asked how much the items describe them on a scale from 'not at all like me' to 'exactly like me'. The 'global affect' subscale includes a list of five affect indicators and requires users to indicate 'how often over the past four weeks they feltcalm, peaceful, etc'. using a 5point response scale from 'never or very rarely' to 'very often or always'. All items have a weight of 1; total PMH score was obtained by adding scores of all items and dividing by 47. Cronbach's alpha (α) for the PMHI was found to be 0.951 in the study sample (α = 0.942 and α = 0.951 among those with and without any lifetime mental disorders, respectively). In an earlier study, total PMH norm score of 4.61 (SD = 0.8) was established in Singapore [25] .
Mental disorders
The Composite International Diagnostic Interview version 3.0 (CIDI 3.0) [28] was administered to the respondents by trained interviewers. The CIDI is a fully structured instrument where interviewees were first administered a screener questionnaire that asks them about ever experiencing symptoms of mental disorders such as major depressive disorder (MDD), bipolar disorder, etc. Those who endorsed any of these symptoms were then administered detailed disorder-specific modules. Using the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) diagnostic algorithms with hierarchy rules, psychiatric diagnoses of lifetime mental disorders were obtained. The CIDI diagnosed lifetime prevalence estimates of mood, anxiety and substance use disorders have demonstrated high level of concordance with clinical measures such as the Structured Clinical Interview for DSM-IV with a receiver operating curve area of 0.76 [29] . Disorders included in the SMHS 2016 were MDD, bipolar disorder, generalised anxiety disorder (GAD), obsessive compulsive disorder (OCD) and alcohol use disorders (AUD) (alcohol abuse and/or dependence). Mention of 'any mental disorder' in the subsequent sections of the manuscript refers to the diagnosis of at least one of these five conditions covered in the SMHS 2016, namely, MDD, bipolar disorder, GAD, OCD and AUD.
Chronic physical conditions
Respondents reported being ever diagnosed by a doctor with a chronic physical condition from a list of common conditions considered prevalent in Singapore's population. These were respiratory disorders such as asthma, chronic lung disease including chronic bronchitis or emphysema, diabetes, hypertension, hyperlipidemia, chronic pain (arthritis or rheumatism, back problems including disk or spine, migraine headaches), cancers, neurological disorders (epilepsy, convulsion, Parkinson's disease), cardiovascular disorders (stroke or major paralysis, heart attack, coronary heart disease, angina, congestive heart failure or other heart disease), and ulcers and chronic inflamed bowel disorders.
Quality of life
The Short Form (SF)-12 is derived from the SF-36 instrument that is designed to measure generic quality of life [30] . The SF-12 has been validated across a number of chronic conditions and populations, including people with mental conditions and in Asian settings [31] [32] [33] . It generates scores across eight domains of health: physical function (PF), role-physical (RP), bodily pain (BP), general health (GH), vitality (VT), social function (SF), roleemotion (RE), and mental health (MH) which are then used to generate two summary scores -physical component summary (PCS) and mental component summary (MCS). PCS is calculated from PF, RP, BP and GH while MCS is obtained from VT, SF, RE and MH. Both summary scores range between 0 and 100, with higher scores indicating better health. In this study, the scores showed high internal consistency reliability for PCS (Cronbach's alpha = 0.81) and MCS (Cronbach's alpha = 0.82) domain scores.
Overall health
Self-reported overall health was obtained by asking an independent single item, "How would you rate your overall health?" with a response scale of '1' Poor to '5' Excellent.
Statistical analysis
SPSS Complex Samples Version 24 software was used to conduct the analysis. Analyses were weighted to adjust for over sampling, non-response and post-stratified for age and ethnicity distributions between the survey sample and the Singapore resident population in 2014. A descriptive analysis using means for the continuous variables and frequency distribution for categorical variables was used to obtain the characteristics of the overall sample and those with and without lifetime mental disorders. Statistical normality of Total PMH was tested using both graphical (normal probability plot) and statistical procedures (Kolmogorov-Smirnov test). General linear regression models were used to assess differences in Total PMH between those with and without life-time mental disorders. Bivariate analyses were conducted with the respective mental disorder (Yes or No) as independent variable(s) and Total PMH as a continuous dependent variable. All multivariable analysis used these dependent and independent variables and were adjusted for the effect of sociodemographic characteristics: Age, Gender (Male, Female), Ethnicity (Chinese, Malay, Indian, Other), Marital status (Single, Married, Separated/Divorced, Widowed), Education level (Primary and below, Secondary, Junior College, Vocational, Diploma, University), Employment status (Unemployed, Economically inactive, Employed), and Monthly household income in Singapore dollars (SGD) (Below 2000, 2000-3999, 4000-5999, 6000-9999, 10,000 & above) and having any chronic physical condition (Yes or No). Mediation analyses were conducted using ordinary least squares path analysis to examine whether the relation between mental disorders and health outcomes (quality of life and overall health) was mediated by PMH using the PROCESS Macro for SPSS [34] . The models were composed of any lifetime mental disorder (Yes, No) as an independent variable, the health outcomes (overall health and quality of life) as dependent variables, and Total PMH as the mediating variable. Mediation hypotheses were tested using the bias-corrected bootstrap method with 5000 samples to calculate confidence intervals (95%). Indirect effect (IE) was considered significant when the confidence interval did not contain zero [35] . Table 1 presents the sociodemographic characteristics of the sample. The mean age of the respondents who completed the PMH questionnaire was 42.1 years with most aged 18-34 years (34.9%). There were slightly more females (52.1%) than males (47.9%) with a higher proportion of Chinese (77.5%), married (55.7%), university educated (39.9%), employed (74.3%) and having a household income of 10,000 and above (25.5%) per month.
Results
In this sample, the lifetime prevalence of any mental disorders was 14.8% ( Table 2 ). The mean Total PMH in the overall sample was 4.46 (SD 0.48). Individuals with a lifetime history of any mental disorder had lower Total PMH (Table  2) . Specifically, respondents with MDD, bipolar disorder, GAD and OCD had significantly lower Total PMH compared with individuals without these conditions. These findings remained significant after adjusting for respondents' sociodemographic background and history of any chronic physical conditions (Multivariable analysis, Table 2 ). Table 3 presents the associations of mental disorders with overall health and quality of life (MCS and PCS). Having any mental disorder was significantly and negatively associated with the health outcomes denoting poorer scores in this group. Figure 1 presents results of the path analyses that tested mediating effect of Total PMH on the relationships between lifetime mental disorders and health outcomes. Total PMH fully mediated the relationships between mental disorder and overall health (IE size: −.1318), MCS (IE size: −.8059) and PCS (IE size: −.3216). This shows that higher levels of Total PMH in individuals with mental disorders reduced the effect sizes of the associations between mental disorders and health outcomes.
Discussion
Knowledge about the state, correlates and role of PMH is important for informing mental health promotion and intervention programmes. This study estimated the level of PMH in a large general population sample comprising people with and without mental disorders. Additionally, people with mental disorders had lower PMH and this association remained strong after adjusting for sociodemographic background and history of chronic physical conditions.
The study showed individuals meeting the criteria for a mental health disorder, in particular mood and anxiety disorders, had lower PMH than those without. Similar results were found in an earlier study among patients with depression, anxiety and schizophrenia in Singapore [11] . Of the mental disorders studied, lifetime mood (MDD and bipolar disorder) and anxiety (GAD and OCD) disorders showed significant associations with PMH even after controlling for important confounders such as history of chronic physical illnesses. These findings were expected given the preliminary studies in Singapore and the UK that have found association of PMH and mental well-being with either diagnosed mental disorders or symptoms of depression and anxiety [26, 36] . However, this is the first study that assessed PMH among individuals meeting DSM-IV criteria for AUD. Although the level of PMH was lower among people with AUD, this association did not meet statistical significance. Two previous studies conducted in large samples have generated inconclusive results in relation to alcohol consumption. While alcohol use was linked to lower mental wellbeing in the UK general population [37] and among students in New Zealand [38] , the latter study found that heavy drinking was correlated with high self-esteem in males and low self-esteem in females. The study conducted in New Zealand also reported higher self-efficacy in males and females who drank alcohol. Although these studies did not conduct a diagnostic evaluation of AUD, the relationship between AUD and PMH needs further investigation.
An important consideration while interpreting the study results is the clinical relevance of the findings. Currently, the PMHI can provide information on PMH in the form of a total score which can be used for comparisons between individuals, populations and periods. However, a cut-off value for better or poorer PMH is not available. Total PMH scores obtained for individuals with mental disorders included in this study were much lower than the Singapore's general population norm (mean Total PMH score: 4.61) [25] , but slightly higher than that in mental health users (mean Total PMH score: 3.93) [26] . The severity of the illness or it's symptoms could be a possible confounder of this association, which may limit clinically meaningful interpretations to be drawn from the results. The CIDI provides information on severity of illness by disorder-specific role impairments in four domainshome management, social life, work/school and ability to form and maintain close relationships [28] . However, we were unable to investigate this association given the lower representation of individuals with severe disorders in our sample. The influence of disorder severity should, therefore, be explored in future research investigating the relationship between PMH and mental disorders. The impact of mental disorders on overall health and quality of life is well known [4] . Depression alone and in combination with chronic diseases is shown to produce the "greatest decrement in health" [39] . Mediation analysis conducted in this study identified that PMH significantly influenced health outcomes related to mental disorders. Although the concept of flourishing and the belief that mental health is distinct yet correlated with mental illnesses are widely accepted [13] , to our knowledge, there are no previous studies assessing mediation of the association between mental disorders and related health outcomes by PMH. The data from this large national study thus provides evidence to support role of PMH as a distinct heath determinant over mental illness, and highlights its relevance in improving health outcomes in clinical populations.
This being the first study to assess mediation by PMH in mental disorders, it is difficult to draw direct General linear regression models adjusted for socio-demographic characteristics (as described in Table 1 ) and history of any chronic physical condition (Y/N) General linear regression models adjusted for socio-demographic characteristics (as described in Table 1 ) and history of any chronic physical condition (Y/N) comparisons with previous research on its mechanisms. However, there could be several possible explanations. In this study, PMH was assessed with the PMHI which provides a total score based on six different dimensions. One or more of these dimensions could impact health outcomes in people with mental disorders. For example, one of the dimensions assessed by the PMHI is emotional support. Increased contact with family members is found to lead to "positive and longstanding effect" on subjective quality of life development in people with psychosis [40] . In relation to the general coping dimension in the PMHI, adaptive coping strategies have shown to exert independent and positive effect over symptom levels and degree of stress, and influence perceived problem-solving efficacy [41] . Further research on the independent contribution of these dimensions could fully explain mediation by PMH. Studies conducted elsewhere have indicated the likely mechanisms with which positive emotions may influence cognitive aspects of mood and anxiety for example, by "disengagement from negative stimuli" to perception of pleasant experience [42, 43] . This also helps in regulating negative emotions [44] leading to overall positive appraisal of self-rated outcomes such as life satisfaction and quality of life [45] . Besides the direct and indirect psychological impact of PMH, it may also act via biological mechanisms. Amygdala activity interacts with anxiety and depression to enhance or reduce emotion processing which could be affected in mental disorders [46] . A study on happiness which reflects subjective well-being showed that happier participants had greater amygdala responses to positive stimuli [47] . Thus, PMH via subjective well-being and positive appraisals may stimulate neural activity to improve health outcomes in people with mental disorders. Besides the biological and psychological mechanisms, health behaviours such as physical activity, are known to improve mood states and increase mental well-being [37, 48] . The interaction of such health behaviours with PMH should be considered in the assessment of health outcomes of people with mental disorders in future. Taking into account results of the mediation models, PMH improvement interventions would be beneficial to promote quality of life in people with mental disorders. In a broader sense, this study further endorses the now well-accepted view that there is a need to move beyond just a focus on mental illness and incorporate measures on PMH in clinical practice. It is interesting to note that although mental health promotion has undergone a remarkable transformation, the ways of assessing the impact of these interventions is still largely illness-focused. A review of population-based mental health promotion interventions showed that although a multitude of functional, social, and cognitive measures were being employed, most interventions aimed to prevent a specific mental illness or symptoms (depression, anxiety, burnout, or stress) [49, 50] . For example, educational courses for adults that aim to prevent depression symptomatology [51] , online mental health promotion and prevention interventions using computerized cognitive behavioural and resilience-focused therapy that have been effective in promoting youth well-being and reducing mental health problems such as anxiety and depression symptoms [52, 53] , and media campaigns challenging mental health stigma and promoting positive attitude that have improved attitudes to treatment [54] hold promise and need further research in relation to PMH.
There is also a growing body of work in the area of PMH promotion. Positive psychology which acts towards improving mental well-being by building positive experiences, strengths and resources [55] , has been shown to reduce depressive symptoms and increasing well-being among people with mental disorders [56] . Psychotherapy interventions based on positive psychology have proven effective in improving mental well-being in people with schizophrenia, depression and anxiety [56] [57] [58] . Given the high healthcare burden, there is also focus on selfmanagement of mental health. A large network analysis conducted to assess the relationship between psychological distress and mental well-being in UK indicated that interventions that promote positive self-perception and positive mood can prove beneficial to psychological well-being and recommends enhancing self-esteem, self-confidence and cheerfulness to elevate public mental health [59] . However, research and evidence in the area of PMH is as yet insufficient. This study contributes to the limited literature and sheds light on the role of PMH and its possible impact on the lives of people with mental disorders.
The study, however, has several limitations. The cross-sectional study design does not allow making causal inferences. In this study, PMH was assessed as a composite total score. The PMHI can provide scores for six dimensions of PMH -general coping, emotional support, spirituality, interpersonal skills, personal growth and autonomy, and global affect. Detailed analyses for the independent dimensions were beyond the scope of this study. However, further analysis to assess the relative relevance of these PMH dimensions is necessary to identify specific components of PMH that contribute to improved health outcomes in people with mental disorders. Longitudinal studies that incorporate repeated measures to assess the fluctuations in PMH and health outcomes can also help fully understand the role of PMH. Although validated measures were used for assessing PMH, mental disorders and other health outcomes, this study relied on self-report that could lead to some bias in the findings. Due to the likely respondent burden, only select disorders were included in the survey and we were unable to assess association of PMH with other important mental disorders such as schizophrenia, neurocognitive disorders, and personality disorders. The response rate for this study was 30%, which could have resulted in selection bias in the findings. Use of objective measures for estimating overall health and quality of life would benefit future research. Finally, there are several definitions of PMH in the literature that have resulted in multiple measures that represent varied constructs of mental health and well-being. In this study, Total PMH represented six dimensions of mental health that were found to be relevant and valid in the Singapore population. However, it is important to consider cross-cultural appropriateness of these dimensions while applying the results to other populations.
Conclusions
This study estimated levels of Total PMH among people with and without mental disorders, specifically MDD, bipolar disorder, GAD, OCD and AUD (abuse and dependence) in a large representative multi-ethnic sample. Higher levels of PMH seem to reduce the strength of the inverse associations between mental disorder and health outcomes, in terms of self-rated overall health and quality of life. Results support the notion that clinical interventions should incorporate approaches to improve PMH in routine practice. Although mental health promotion is largely devoted to prevention and treatment of mental illness, continued efforts are essential to improve PMH in people with mental disorders and monitor the relationship between these disorders and important health outcomes. 
